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(54) Polycart)oxy/polyol fiberglass binder of low pH 

(57) Provided is a fiberglass binder which contains 
a polycartx)xy polymer and a polyol, with a pH of the 
binder being no greater than 3.5. It is further prefen-ed 
that the polycarboxy polymer has a molecular weight of 
less than 10.000, and more preferably about 5000 or 
less. The binder also preferably includes a catalyst 
which is an alkali metal salt of a phosphorus polyol is 
preferably triethanolamine. The binder also preferably 
Includes a catalyst which Is an alkali metal salt of a 
phosphorus-containing organic acid. The resultant 
binder, particularly when used In preparing fiberglass 
products, provides minimal processing difficulties and a 
product with excellent recovery and rigidity. 
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. Description 

HELD OF THE INVENTION 

5 [0001 ] The subject invention pertains to potycartx>xy polymer binding resins. More particularly, the subject invention 
pertains to thermosetting, acrylic add-based binder resins which cure by crosslinking with a polyfunctional, carboxyl 
group-reactive curing agent. Such binders are useful as replacements for formaldehyde-based binders in non-woven 
fiberglass goods. 

10 BACKGROUND OF THE INVENTION 

[0002] Fiberglass binders have a variety of uses ranging from stiffening applications where the binder is applied to 
woven or non-woven fiberglass sheet goods and cured, producing a stiffer product; thermo-forming applications 
wherein the binder resin is applied to sheet or lofty f Osrous product following which it is dried and optionally B-staged to 

IS form an intermediate but yet curable product; and to fully cured systems such as building insulation. 

[0003] Fibrous glass insulation products generally comprise matted glass f bers bonded together by a cured thermo- 
set polymeric material. Molten streams of glass are drawn into fibers of random lengths and blown into a forming cham- 
ber where they are randomly deposited as a mat onto a traveling conveyor. The fibers, while in transit in the forming 
chamber and while still hot from the drawing operation, are sprayed with an aqueous binder. A phenol-formaldehyde 

20 binder is currently used throughout the fibrous glass insulation industry. The residual heat from the glass fibers and the 
flow of air through the fibrous mat during the forming operation are generally sufficient to volatilize the majority to all of 
the water from the binder, thereby leaving the remaining components of the binder on the fibers as a viscous or semi- 
viscous high solids liquid. The coated fibrous mat is transferred to a curing oven where heated air. for example, is blown 
through the mat to cure the binder and rigidly bond the glass fibers together. 

25 [0004] Fiberglass binders used in the present sense should not be confused with matrix resins which are an entirely 
different and non-analogous field of art. While sometimes termed "binders", matrix resins act to fill the entire interstitial 
space. between fibers, resulting in a dense, fiber reinforced product where tiie matrix must translate the fiber strength 
properties to tiie composite, whereas "binder resins" as used herein are not space-filling, but rather coat only the fibers, 
and particularly the junctions of fibers. Fiberglass binders also cannot be equated with paper or wood product "binders" 

30 where the adhesive properties are tailored to the chemical nature of the celluiosic substrates. Many such resins, e.g. 
urea/formaldehyde and resorcinol/formaldehyde resins, are not suitable for use as fiberglass binders. One skilled in the 
art of fiberglass binders would not look to celluiosic binders to sdve any of tiie known problems associated with fiber- 
glass binders. 

[0005] Binders useful in fiberglass insulation products generally require a low viscosity in the uncured state, yet char- 
ts acteristics so as to form a rigid tiiermoset polymeric mat for tiie glass fibers when cured. A low binder viscosity in ttie 
uncured state is required to allow tiie mat to be sized correcUy. Also, viscous binders tend to be tacky or sticky and 
hence tiiey lead to accumulation of fiber on the forming chamber walls. This accumulated fiber may later fall onto the 
mat causing dense areas and product problems. A binder which forms a rigid matrix when cured is required so that a 
finished fiberglass tiiermal insulation product, when compressed for packaging and shipping, will recover to its specified 
40 vertical dimension when installed jn a building. 

[0006] From among the many tiiermosetting polymers, numerous candidates for suitable thermosetting fiberglass 
binder resins exist. However, binder-coated fiberglass products are often of the commodity type, and thus cost becomes 
a driving factor, generally ruling out such resins as tiiermosetting polyurethanes. epoxles, and otiiers. Due to tiieir 
excellent cost/performance ratio, the resins of choice in the past have been phenol/formaldehyde resins. Phenol/formal- 
45 dehyde resins can be economically produced, and can be extended with urea prior to use as a binder in many applica- 
tions. Such urea-extended phend/formakiehyde binders have been the mainstay of the fiberglass Insulation industry for 
years. 

[0007] Over ttie past several decades however, minimization of volatile organic conpound emissions (VOGs) botti on 
the part of ttie industry desiring to provide a cleaner environment as well as by Federal regulation, has led to extensive 

50 investigations into not only reducing emissions from tiie current formaldehyde-based binders, but also into candidate 
replacement binders. For exanple. subtie changes in the ratios of phenol to formaldehyde in tiie preparation of the 
basic phenol/brmaldehyde resole resins, changes in catalysts, and addition of different and muttipte formaldehyde 
scavengers, has resulted in considerable improvement in emissions from phenol/formaldehyde binders as compared 
witti the binders previously used. However, witii increasingly st-ingent Federal regulations, more and more attention has 

55 been paid to alternative binder systems which are free from formaldehyde. 

[0008] One such candidate binder system employs polymers of acrylic acid as a first component and a polyol such 
as glycerine or a modestly oxyialkylated glycerine as a curing or "crosslinking" component The preparation and prop- 
erties of such poly(acrylic acid)-based binders, including information relative to the VOG emissions, and a conparison 
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of binder properties versus urea formaldehyde binders is presented in "Formaldehyde-Free Crosslinking Binders For 
Non-Wovens". Charles T ArWns et al.. TAPPI JOURNAL, Vol. 78, No. 1 1 , pages 16M68. Novenfiber 1 995. The binders 
disclosed by the Arkins article, appear to be B-stageable as well as being able to provide physical properties similar to 
those of urea/formaldehyde resins. Unfortunately, urea/formaldehyde resins do not in general offer the same properties 
5 as phenol/ibrmaldehyde resins, the most widely used fiberglass insulation birtier resins. 

[0009] U.S. Patent No. 5.340,868 discloses fiberglass insulation products cured with a combination of a polycarboxy 
polymer, a p-hydroxyalkylamide. and an at least trrfunctional monomeric carboxylic acid such as citric acid. The specific 
polycarboxy polymers disclosed are poly(acrylic acid) polymers. 

[0010] U.S. Patent No. 5.318.990 discloses a fibrous glass binder which comprises a polycartxsxy polymer, a mono- 
10 meric trihydric alcohol and a catalyst comprising an alkali metal salt of a phosphorous-containing organic add. 

[001 1 ] Published European Patent Application EP 0 583 086 Al appears to provide details of polyacrylic acid binders 
whose cure is catalyzed by a phosphorus-containing catalyst system as discussed in the Arkins article previously cited. 
European Published Application EP 0 651 088 Al contains a related disclosure pertaining to cellulosic substrate bind- 
ers. The fiber-glass binders of EP '086 are partially neutralized polycarboxy polymers and hydroxyi-functional curing 
IS agents wherein the polycarboxy polymers are prepared in presence of sodium hypophosphite, incorporating the latter 
into the polymer structure or by incorporating sodium hypophosphite separately into the curable mixture of polycarboxy 
polymers to serve as tiie curing catalyst. Polymers of acrylic acid and maleic acid are exemplified, but appear to reduce 
botii dry and wet tensile strength as compared to poly(acrylic acid) catalyzed with sodium hypophosphite. Higher 
molecular weight poly(acrylic acids) are stated to provide polymers exhibiting more complete cure. See also U.S. Patent 
20 No. 5.661,213. 

[0012] Further, as Arkins indicates, tiie normal cure temperature of the acrylic binder resins is approximately 180^0, 
and a final cure does not take place without prolonged heating at tiiis temperature or by allowing the temperature to rise 
to the range of 220^C to 240°C. The combination of curing temperature and cure time necessitates thermal energy 
requirements considerably in excess of what is normally desirable for phenol/formaldehyde resins. While it might seem 

25 that a simple increase in oven temperature could provide the additional thermal energy required, it must be remem- 
bered tiiat in a commerdat setting, tiie exceptionally large ovens, powerful heat supplies, and ancillary equipment must 
all be changed if a binder witii higher thermal energy curing requirements is to be used. These changes are not mini- 
mal, and represent a considerable financial investment, in many cases requiring significant additional furnace length. 
Moreover, it is highly likely that for a considerable period of time at least, a variety of binder resins may be used on tiie 

30 same line at different times. Thus, any change made to tiie curing ovens must be easily reversible. Thus. poly(acrylic 
acid) binder systems having curing energy requirements similar to tiiose of phenol/formaldehyde binders would be 
desirable. 

[001 3] While some polycarboxy polymers have been found useful for making fiberglass insulation products, problems 
have been observed in the processing of ttie products. Clumping or sticking of the glass fibers to the inside of the fbrm- 
35 ing chambers during the processing has been one major problem for non-phenol formaldehyde binders. As well, it is 
. important that tiie final product exhibit the recovery and rigidity necessary to provide a commerdally acceptable fiber- 
glass insulation product 

[0014] Accordingly, it is an objective of the present invention to provide a non-phenol formaldehyde binder. 
[001 5] Yet another object of the present invention is to provkle such a binder which allows one to prepare fiberglass 
40 insulation products witii minimal processing difficulties. 

[0016] Still anotiier object of tiie present invention Is to provide a fiberglass insulation product which exhibits good 

recovery and rigidity, and is formaldehyde-free. 

[0017] These and otiier objects of the present invention will become apparent to tiie skilled artisan upon a review of 
the following description and tiie claims appended thereto. 

45 

SUMMARY OF THE INVENTION 

[0018] In accordance with the foregoing objectives, there is provided by the present invention a novel fiberglass 
binder. The binder of the present invention comprises a polycart>oxy polymer and a polyol. It is also preferred that ttie 

50 binder comprises a catalyst, such as an alkaline metal salt of a phosphorus-containing organic add. 

[0019] An important aspect of the binder of the present invention is tiiat the pH of ttie binder system is quite low. In 
particular, the pH of the binder is no greater than 3.5. and is preferably about 2.5 or less, and most preferably about 2 
or less. It is also preferred that the polycarboxy polymer used in ttie binder has a very low molecular weight. It is pre- 
ferred ttiat tiie molecular weight of the polycarboxy polymer is less than 10000. more preferably less ttian 5000. and 

55 most preferably around 3000 or less, witti about 2.000 being advantageous. The use of such a low molecular weight 
polycarboxy polymer in ttie binder in combination witti ttie pH of 3 or less, results in a binder which exhibits few, if any. 
processing difficulties when preparing a fiberglass product and also provides a final product with excellent physical 
characteristics. Sticking and balling of the fiberglass fibers during ttie preparation of ttie fiberglass mat become of min- 
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imal concern, the resulting product also exhibits excellent recovery and rigidity properties. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 [0020] The polycarboxy polymer used in the binder of the present invention comprises an organic polymer or oligomer 
containing more than one pendant carlDoxy group. The poiycartx)xy polymer may be a homopolymer or copolymer pre- 
pared from unsaturated carboxylic adds including but not necessarily limited to, acrylic acid, methacrylic acid, crotonic 
acid, isoaotonic acid, maleic acid, cinnamic acid, 2-methylmaleic acid, itaconic acid, 2-methylitaeonic acid. a,p-meth- 
yleneglutaric add, and the like. Alternative, the polycarboxy polymer may be prepared from unsaturated anhydrides 

10 including, but not necessarily limited to, maleic anhydride, methacrylic anhydride, and the like, as well as mixtures 
thereof. Methods for polymerizing these acids and anhydrides are well-known in the chemical art. 
[0021] The polycarboxy polymer of the present invention may additionally comprise a copolymer of one or more of 
the aforementioned unsaturated carboxylic acids or anhydrides and one or more vinyl compounds including, but not 
necessarily limited to. styrene. a-methylstyrene, aorylonitrile, methacrylonitrile. methyl acryiate. ethyl acrylate. n-butyl 

15 acrylate, isobutyl acrylate, methyl methacryiate, n-butyl methad-ylate, isobutyl methaaylate, biycidyl methacrylate, 
vinyl methyl ether, vinyl acetate, and the like. Methods for preparing these copolymers are well-known in the art. 
[0022] Preferred polycarboxy polymers comprise homopoiymers and copolymers of polyacrylic add. It is particularly 
prefen-ed that the molecular weight of the polycarboxy polymer, and in particular polyacrylic acid polymer, is less than 
10000, more preferably less than 5000, and most preferably about 3000 or less, with about 2000 being advantageous. 

20 Combining the low molecular weight polycarboxy polymer with the low pH of the binder results in a final product which 
exhibits excellent recovery and rigidity 

[0023] The formaldehyde-free curable aqueous binder composition of the present invention also contains a polyol 
containing at least two hydroxyl groups. The polyol must be suffidentty nonvolatile such that it will substantially remain 
available for reaction with the polyacid in the composition during heating and curing operations. The polyol may be a 

25 compound with a molecular weight less than about 1 000 bearing at least two hydroxyl groups such as. for example, eth- 
ylene glycol, glycerol, pentaerythritol, trimethylol propane, sorbitol, sucrose, glucose, resorcinol, catechol, pyrogallol, 
glycollated ureas. 1 ,4-cyclohexane diol, diethanolamine, triethanolamine, and certain reactive polyols such as, for 
example, p-hydroxyalkylamides such as. for example, bis [N.N-di (p-hydroxyethyl)]adipamide, as may be prepared 
according to the teachings of U.S. Patent No. 4,076.91 7. hereby incorporated herein by reference, or it may be an addi- 

30 tion polymer containing at least two hydroxy! groups such as, for example, polyvinyl alcohol, partially hydrolyzed poly- 
vinyl acetate, and homopoiymers or copolymers of hydroxyethyl (meth) acrylate. hydroxypropyl(meth) acrylate. and the 
like. The most preferred polyol for the purposes of the present invention is triethanolamine (TEA). 
[0024] The ratio of the number of equivalents of carlxjxy, anhydride, or salts thereof of the pdyadd to the number of 
equivalents of hydroxyl in the polyol is from about 1/0.01 to about 1/3. An excess of equivalents of carboxy. anhydride, 

35 or salts thereof of the polyacid to the equivalents of hydroxyl in the polyol is preferred. The more preferred ratio of the 
number of equivalents of cari^oxy, anhydride, or salts thereof in the polyadd to the number of equivalents of hydroxyl in 
the polyol is from about 1/0.4 to about 1/1 . The most preferred ratio of the number of equivalents of cartDoxy, anhydride, 
or salts thereof in the polyacid to the number of equivalents of hydroxyl in the polyol is from about 1/0.6 to about 1/0.8, 
and most preferably from 1/0.65 to 1/0.75. A low ratio, approaching 0.7:1 , has been found to be of particular advantage 

40 in the present invention, when combined with a low molecular weight polycarboxy polymer and the low pH binder. 
[0025] The formaldehyde-free curable aqueous binder composition of the present invention also contains a catalyst. 
Most preferably, the catalyst is a phosphorous-containing accelerator which may be a compound with a molecular 
weight less than about 1000 such as. for example, an alkali metal polyphosphate, an alkali metal dihydrogen phos- 
phate, a polyphosphoric acid, and an alkyl phosphinic add or it may be an oligomer or polymer bearing phosphorous- 

45 containing groups such as. for example, addition polymers of acrylic and/or maleic adds formed in the presence of 
sodium hypophosphite, addition polymers prepared from ethylenicaliy unsaturated monomers in the presence of phos- 
phorous salt chain transfer agents or terminators, and addition polymers containing acid-functional monomer residues 
such as. for example, copolymerized phosphoethyl methacryiate, and like phosphonic acid esters, and copolymerized 
vinyl sulfonic acid monomers, and their salts. The phosphorous-containing accelerator may be used at a level of from 

50 about 1% to about 40%, by weight based on the combined weight of the pdyadd and the polyol. Preferred is a level of 
phosphorous-containing accelerator of from about 2.5% to about 10%. by weight based on the combined weight of the 
. polyacid and the polyol. 

[0026] The formaldehyde-free curable aqueous binder composition may contain, in addition, conventional treatment 
conponents such as. for example, emulsifiers. pigments. fiHer. anti-migration aids, curing agents, coalescents, wetting 
55 agents, biocides, plasticizers. organosilanes, anti-foaming agents, colorants, waxes, and anti-oxidants. 

[0027] The formaldehyde-free curable aqueous binder composition may be prepared by admixing the polyadd, the 
polyol, and the phosphorous-containing accelerator using conventional mixing techniques. In another emtxxliment. a 
carboxyl- or anhydride-containing addition pdymer and a pdyol may be present in the same addition polymer, which 
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addition polymer would contain both carboxyl. anhydride, or salts thereof functionality and hydroxy! functionality. In 
another embodirnent the salts of the carboxy-group are salts of functional alkanolamines with at least two hydroxyl 
groups such as, for example, diethanolamine, triethanolamine, dipropanolamine, and di-isopropanolamine. In an addi- 
tional embodiment, the polyol and the phosphorous-containing accelerator may be present in the same addition poly- 

5 mer, which addition polymer may be mixed with a polyacid. In yet another embodiment the carboxyl- or anhydride- 
containing addition polymer, the polyol, and the phosphorous-containing accelerator may be present in the same addi- 
tion polymer. Other embodiments will be apparent to one skilled in the art. As disclosed herein-above, the carboxyl 
groups of the polyacid may be neutralized to an extent of less than about 35% with a fixed base before, during, or after 
the mixing to provide the aqueous composition. Neutralization may be partially effected during the formation of the poly- 

10 acid. 

[0028] It is important for the purpose of the present Invention that the pH of the binder be quite low, e.g. , be adjusted 
by adding a suitable acid such as sulfuric acid. In particular, the pH of the binder should be no greater than 3, is prefer- 
ably about 2.5 or less, and most preferably about 2 or less. For excellent processing advantages have been discovered 
when such low pH binders are used, while also providing a product which exhibits excellent recovery and rigidity prop- 
. IS erties. The processing advantages manifest themselves in reduced accumulation of fiber in the collection box and a 
reduction in cure temperature. The reduction in cure temperature results in a reduction of the amount of energy needed 
to cure the binder, and thereby permits, if desired, the use of nmre water in the binder to obtain many processing ben- 
efits. 

[0029] The formaldehyde-free curable aqueous composition may be applied to a nonwoven by conventional tech- 
no niques such as. for example, air or airless spraying, padding, saturating, roll coating, curtain coating, beater deposition, 

coagulation, or the like. 

[0030] The waterborne formaldehyde-free composition, after it is applied to a nonwoven. is heated to effect drying 
and curing. The duration and temperature of heating will affect ttie rate of drying, processability and handleabillty, and 
property development of the treated substrate. Heat treatment at about 120**C, to about 400**C, for a period of time 

25 between about 3 seconds to about 1 5 minutes may be carried out; treatment at about 150''C, to about 250**C, is pre- 
ferred. The drying and curing functions may be effected in two or more distinct steps, if desired. For example, ttie com- 
position may be first heated at a temperature and for a time sufficient to substantially dry but not to substantially cure 
. the composition and then heated for a second time at a higher temperature and/or for a longer period of time to effect 
curing. Such a procedure, referred to as "B-staging". may be used to provide binder-f eated nonwoven. for example. In 

30 roil form, which may at a later stage be cured, with or wittiout forming or molding into a particular configuration, concur- 
rent with the curing process. 

[0031 ] More particularly, in the preparation of fiberglass insulation products, tiie products can be prepared using con- 
ventional techniques. As Is well known, a porous mat of fibrous glass can be produced by fiberizing molten glass and 
immediately forming a fibrous glass mat on a moving conveyor. Tlie expanded mat is tiien conveyed to and through a 

35 curing oven wherein heated air is passed through tiie mat to cure tiie resin. The mat is slightiy conpressed to give the 
finished product a predetermined thickness and surface finish. Typically, the curing oven is operated at a tenperature 
from about 150°C to about 325*C. Preferably, tiie temperature ranges from about 180* to about 250^*0. Generally, tiie 
mat resides within the oven for a period of time from about minute to about 3 minutes. For the manufacture of con- 
ventional thermal or acoustical insulation products, tiie time ranges from about 1 minute to about 2^A minutes. The 

40 fibrous glass, having a cured, rigid binder matrix, emerges from the oven in tiie form of a bat whidi may be compressed 
for packaging and shipping and which will thereafter substantially recover its vertical dimension when unconstrained. 
[0032] The heat-resistant nonwovens may be used for applications such as. for exanple. insulation batts or rolls, as 
reinforcing mat for roofing or flooring applications, as roving, as microglass-based substrate for printed circuit boards or 
battery separators, as filter stock, as tape stocK as tape board for office petitions, in duct liners or duct board, and as 

45 reinforcement saim in cementitious and non-cementltious coatings for masonry. 

EXAMPLE 

[0033] A fist of resins applied and their properties is shown in Table 1 . The resins were inline mixed with a solution 
50 containing a yellow dye and an appropriate quantity of an amino silane (OSi A1 101). and a soft water st-eam. These 
components were tiien delivered to six sets of twelve spraying nozzles where they were hydraulically dispersed. The 
nozzles were arranged in six circles spraying the binders towards the center of the freshly fornied fiberglass from a dis- 
tance of about 8 inches. The fiberglass was manufactured using a standard fiberglass spinning machine located 
approximately 12 Inches above each circle of nozzles. The fiberglass production and binder spray rates were kept con- 
55 stant such that the final cured binder content r^resented about 5.5 weight % of ttie finished product Of that cured 
binder content approximately 0.2% represented ttie silane. The final solids content of tiie binders as sprayed was 
around 10%. 

[0034] Mat moistures at ttie end of the forming chamber were measured for each set point(TabIe 2). This gives a 
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gauge of the dry down rate of each binder. High ramp moisture has been iini<ed to improved product performance. 
[0035] Binder flow was increased until some signs of under-cure showed up and then slightly reduced. Ramp mois- 
tures were measured in excess of 5% when problems were encountered. 

[0036] The recoveries and droops for each of the samples were analyzed with a two tailed t-test in which early set 
5 points were compared to the early control and later set points were compared to the later control. The controls were 
also compared to determine whether any changes had occurred during the day Where a significant difference exists 
(95% confidence), it is indicated with a plus or minus. The results are shown in Table 3. 

[0037] The results indicate than in almost every set of testing for droop and recovery, upper and lower level, the exH 
control was consistently worse than the entrance control. Quick product testing results showed little difference in droop 

10 or recovery between controls and acrylic resin product on the lower level. Longer term testing reveals lower recoveries 
for most acrylic binders vs. controls and mixed results for droop on the \aw& level. Nearly all of the aaylic set points 
show lower recovery than phenolic controls on the upper level. At the same time nearly all acrylic binders give better 
droop on the upper level until three months where droop results are mixed. Even at three months there are very few 
recovery Allures and most droop numbers are between 3 and 4.5. 

15 [0038] The three molecular weight variants tested had much different behavior in the collection box. In general, the 
higher the molecular weight, the more collection box buildup resulting in high density uncured spots in the blanket. 
There was no apparent correlation between TEA stoichiometry or pH and collection box buildup. There are no observ- 
able differences in droops or lower level recoveries amongst the various molecular weights. 
[0039] Generally, there are no significant differences in recovery or droop between TEA levels on the lower level prod- 

20 uct Upper level recoveries and droops Indicate better product performance with the higher TEA level for both resins B 
and D. In theory, the shorter polymer chains require more crosslinks to achieve the same mechanical properties as 
longer chain polymers with fewer crosslinks. Laboratory studies of crosslinker stoichiometry vs. mechanical strength of 
the binder indicate this to be true. A crosslinker level of 70% stoichiometry should be used with these low molecular 
weight acrylic resins. 

25 [0040] One polymer system (Resin D, 21 00 Dalton M.W.) was trialed at a low pH. The delivered resins had pHs in the 
range of 3.9-4.2. Sulfuric acid was added to a tote of resin D to produce a resin of pH 3.2 (however, due to a shortage 
of h2S04, a finished binder pH of 3.5 was achieved). This binder consistently gave the best droop results on both the 
upper and lower level for all binders throughout the testing period: While there were no significant differences in recov- 
eries between acrylic binders on the lower level, this low pH binder gave consistently better recovery on the upper level 

30 when compared to the same binder at a standard pH. Product made with this binder still passes recovery at three 
months (6.3** upper and lower) with a lower level droop of 3.66" and an upper level droop of 3.03". Corrosion testing 
(ASTM C665) was performed on the low pH finished product and it passed all tests (steel, copper and aluminum). 
[0041 ] Additionally, when reduced to pH=2.0, we found viscosity to be about one-half that of polyacryiic acid of pH==3.8 
- 4.2. Further, when TEA stoichiometry is increased to at least 45%. reduction in viscosity is observed. Reduction of 

35 viscosity is greatly desirable in an insulation binder, from a processing perspective. Reduced pH also showed a reduc- 
tion in cure temperature, by as much as 20''C. While not limiting the invention to any particular theory, we believe the 
added acid may act as a cure catalyst. Table 4 sets forth cure data. Therefore, the improved binder compositions of the 
present invention are quite desirable. 

[0042] From the results, It can be concluded that building insulation can be produced with acrylic resins that are 
40 essentially emission free and formaldehyde free. This product can be produced to meet recovery specifications and 
have equal or better droop than standard phenolic product. 

[0043] Within the family of acrylic resins (available from Rohm and Haas) the lower molecular weights present fewer 
processing difficulties. Collection box fiber accumulation is reduced with these acrylic variants. High binder flow rates 
are still beneficial to product performance. Material handling and pumping of the low molecular weight products are 
45 improved over resin A (10,000 Daitons M.W), especially in cold weather. The lowest molecular weight resin (resin D) 
with higher TEA stoichiometry (70%) and lower pH (2.5) give the best acrylic bonded product performance (recovery 
and droop). 



Table 1 



Resin Properties 


Resin 


% solids 


Molecular Weight 


TEA Stoichiometry 


Viscosity (25^C, 40%) 


A 


40% . 


10000 Daitons 


45% 


240 cP 


B 


51% 


4500 Daitons 


45% 


100 cP 


C 


45% 


3500 Daitons 


45% 


60 cP 
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Table 1 (continued) 



Resin Properties 


Resin 


% solids 


Molecular Weight 


TEA Stoichiometry 


Viscosity (25*»C, 40%) 


D 


41% 


2100 Dattons 


55% 


20 cP 


Phenolic 


48% 


1000 Daltons 


NA 


4 CP 



Table 2 



Let-Down Ramp Moistures 
Let-Down Chain Moistures 


Sample No. 


1 


2 


3 


Average 


. Test Point 


% Moisture 


% Moisture 


% Moisture 


% Moisture 


0 


2.82% 


2.79% 


2.32% 


2.64% 


XI 


0.89% 


0.90% 


0.89% 


p.89% 


X2 


2.03% 


2.41% 


1.60% 


2.01% 


X2B 


5.74% 


8.08% 


3.20% 


5.67% 


X4 


2.56% 


3.51% 


2.15% 


2.74% 


X3 


1.84% 


3.03% 


2.18% 


2.35% 


X5 


4.41% 


5.97% 


3.20% 


4.53% 


X7 


4.42% 


2.88% 


4.01% 


3.77% 


X8 


3.83% 


3.92% 


2.79% 


3.51% 


XII 


2.52% 


2.75% 


1.77% 


2.35% 


T1 


7.04% 


6.59% 


9.72% 


7.78% 


T2A 


5.86% 


6.96% 


10.24% 


7.69% 


T2B 


4.10% 


4.73% 


5.33% 


4.72% 
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Table 4 



10 



15 



20 



2S 



30 



RESIN 


% TEA 


CURE ONSET 


INFLECTION 


FINAL T 


STIFF. 
NESS 


TAN DELTA 


MW 


2100(Ph2) 


45 


154.9 


171.9 


188 


1.6 


0.1075 


2100 . 


2100. 


,45 


162.8 


181.7 


201.6 


1.57 


0.116 


2100 


2100 


55 


168.8 


185.9 


202.2 


1.72 


0.064 


2100 


2100 


65 


170.5 


188.8 


205.8 


1.74 


0.04 


2100 


476(pH2) 


45 


136.6 


154.7 


173.5 


1.62 


0.0836 


3500 


1476 


45 


167.9 


185.2 


203 


1.54 


0.075 


3500 


1476 


55 


168.9 


184.7 


201.3 


1.67 


0.048 


3500 


1476 


65 


165.4 


186 


206.1 


1;79 


0.033 


3500 


4500(pH2) 


45 


148.4 


164.4 


180.4 


1.65 


0.0882 


4500 


4500 


45 


171.3 


185.5 


199.7 


1.22 


0.08 


4500 


4500 


55 


170.2 


193.1 


215.5 


1.9 


0.057 


4500 


4500 


65 


173.2 


190.4 


210.9 


1.78 


0.048 


4500 


HF05(pH2) 


45 


142.3 


162 


181 


1.67 


0.0918 


10000 


HF05 


45 


170.5 


187.8 


205.8 


1.78 


0.034 


10000 


HF05 


55 


172.1 


187 


203 


1.84 


0.04 


10000 


HF05 


65 


173 


190.2 


211.4 


1.93 


0.027 


10000 


































HF05/SHP 


55 


170.6 


185.7 


200.3 


1.51 . 


0.04 


10000 


HF05NOSHP 


55 


186.1 


206.4 


229.6 


.1.43 


0.033 


10000 



[0044] While the invention has been described with preferred embodiments, it is to be understood that variations and 
modifications may be resorted to as will be apparent to those skilled in the art Such variations and modifications are to 
be considered within the purview and the scope of the claims appended hereto. 
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Claims 

1 . A fiberglass binder, comprising an aqueous solution of 

45 a polycarboxy polymer and 

a polyol. 

with the pH of the binder being no greater than 3.5. 

2. The fiberglass binder of claim 1 , wherein the binder pH is no greater than 2.5. 

50 

3. The fiberglass binder of claim 1 . wherein the molecular weight of the polycarboxy polymer is less than 5000. 

4. The fiberglass binder of daim 1 , wherein the binder further comprises a catalyst which comprises an alkali metal 

salt of a phosphorus-containing organic acid. 

55 

5. The f iberglass binder of claim 1 , wherein the molecular weight of the polycarboxy polymer is less than 3000. 

6. The fiberglass binder of claim 1 , wherein the molecular weight of the polycarboxy polymer is less than 2000. 
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7/ The fiberglass binder of claim 1. wherein the catalyst is sodium hypophosphite. sodium phosphite, or a mixture 
thereof. 

8. The fiberglass binder of claim 1 . wherein the polyol is triethanolamine. 

5 

9. The fiberglass binder of daim 1 . wherein the polycarboxy polymer comprises homopolymeris and/or copolymers of 
polyacrylic acid. 

10. The fiberglass binder of claim 1 , wherein the amount of polycarboxy polymer and polyol in the binder is such that 
10 the ratio of carboxy group equivalents to hydrQxyl group equivalents is in the range of from about 1/0.65 to 1/0.75. 

11. A fiberglass binder, comprising an aqueous solution of 

a homopolymer and/or copolymer of polyacrylic acid, where the polyacrylic add polymer has a molecular 
15 weight of 5000 or less, 

triethanolamine, 

with the pH of the binder being no greater than 3.5. 

1 2. The fiberglass binder of claim 1 1 , wherein the pH of the binder is no greater than 2.5. 

20 

13. The fiberglass binder of daim 1 1 , wherein the binder further contains a catalyst which comprises an alkali metal 
salt of a phosphoruS'Containing organic acid. 

14. The fiberglass binder of daim 1 1 , wherein the amount of polyacrylic acid polymer and triethanolamine in the binder 
25 is such that the ratio of cart>oxy group equivalents to hydroxyl group equivalents is in the range of from about 1 /0.65 

to 1/0.75. 

1 5. A fiberglass binder comprising an aqueous solution of 

30 polyacrylic add polymer having a molecular weight of less than 5000, 

triethandamine. 

a catalyst comprising sodium hypophosphite, sodium phosphite or a mixture thereof, 
with the pH of the binder being no greater than 3.5 and the amount of pdyacryiic acid and triethanolamine in 
the binder being such that the ratio of carboxy group equivalents to hydroxyl group equivalents is in the range 
35 offromabout 1/0.65 to 1/0.75. 

1 6. A fiberglass product comprising a mat of glass fibers containing the binder of claim 1 . 

1 7. A fiberglass product comprising a mat of glass fibers containing the binder of claim 11. 

40 

18. The fiberglass product of claim 16. wherein the product is building insulation. 

19. The fiberglass product of claim 17, wherein the product is building insulation. 

45 20. A process for making a fiberglass mat comprising f iberizing molten glass and forming a fibrous glass mat using a 
binder, with the binder comprising the fiberglass binder of daim 1 . 
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